I. INTRODUCTION
Resonant converters have many favorable advantages. They can be designed for Zero Voltage Switching (ZVS), Zero Current Switching (ZCS) in either current fed or voltage fed topologies. Indeed, they were shown to be useful in a multitude of applications ranging from basic DC-DC converters [ 11, active power factor correction circuits [2] to capacitor chargers [3] .
A prerequisite for a solid engineering design of resonant converters is a good model that describes their operation in the time as well as in the frequency domain. Two basic approaches have been used hitherto to develop such models. One approach applies analytical relationships to derive the expressions that describe the behavior of a given converter in the various domains [4] . A second approach developed by Steigerwald [SI uses the first harmonic approximation and the Rac concept. By this, the converter is described as a simple resonant network with a load dependent damping (or quality) factor which can then be examined by basic (steady state) network equations. The limitation of the second approach is the difficultly of applying it to more than just the steady state (DC) voltage ratio relationships.
In this study we overcome this deficiency of the Rac approach by extending the behavioral modeling methodology [61 to resonant converters. Rac is in general time dependent. For example, in the transient state, or in steady state when the switching frequency is modulated by a low frequency perturbation, the 'load seen by the resonant network is not constant. Under these conditions, some reactive energy circulates in the output filter components. Yet, the average 'load seen by the resonant network at any given moment is resistive. This stems from the fact that the current through Lout (Figs. 1, 2) can be considered constant over one switching cycle and the fact that the current drawn by the output section is always in phase with the voltage across Cp (Figs and vdc is the DC input voltage.
Equations (2) and (3) can now be solved for IVcp(t)l and Rac(t) assuming that all other variables are known. In the present approach, the chores of deriving the solution are left to circuit simulators such as PSPICE [7] that have a build-in capabilities to handle behavioral dependent sources. To accomplish this, we first transform the problem into an equivalent circuit representation which is compatible with practically all modern analog circuit simulators.In this portrayal, all time dependent variables are coded into voltages or currents (Table 1) . Next, we present the relevant equations by dependent sources that are a function of the coded variables and constants. Finally, we add the excitation and the output section to complete the picture. The final result for the seriesparallel converter is the equivalent circuit of Fig. 3 . The definitions of the independent and dependent sources are as follows: It should be pointed out that the average model of Fig. 3 is transparent to the switching frequency. Namely, at steady state, all the voltages and currents in the model (Fig. 3) 
1 Ecp = For a constant switching frequency, the excitation Vf (Fig. 3) is a DC voltage source. For F M modulated switching frequency, Vf will comprise a DC component plus an AC component that represents the frequency deviation. In transient analysis Vf is time dependent.
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RESULTS AND DISCUSSION
The proposed model methodology was verified by comparing the model behavior against a full, cycle by cycle, PSPICE simulation. The parameters of the resonant converter studied were as follows ( Fig. 1): L, = 78pH Cs = 43nF Cp = 43nF
The comparison was made for steady state (DC), large signal ( 
B. Transient Analysis
The transient response obtained by the model was also validated against a cycle by cycle simulation. We tested the effect of a step in frequency. In the model, the frequency step was represented by a step in Vf. In the cycle by cycle simulation, the switching frequency was instantaneous switched from one frequency (155kHz) to another (165kHz). Typical results are given in Fig. 6 . 
C. Small Signal Analysis
An important advantage of the proposed model is the swiftness by which small signal analysis can be carried out.
To do that, one defines Vf or Vin (Fig. 3) as a DC plus an AC voltage source and runs an AC analysis on the circuit.
That is, the derivation of the linearized response is left to the simulator. All that is needed is to properly scale the frequency perturbations, i. e. lV=lHz. To verify the model behavior we compare it also to cycle by cycle simulation. The latter is extremely tedious and time consuming. For each frequency point the switching frequency was modulated and after steady state was reached, the modulation component at the output was examined for amplitude and phase. 
Frequency-perturbations to output-voltage.
The modulated signal (Vm, Fig. 1 ): The amplitude and phase responses were then calculated by:
Line to output transferjimtion ,
The modulated signal (Vm, Fig. 1 ):
where:
The amplitude and phase responses were then calculated by:
(15) 
